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Abstract: This paper contributes to the discourse of upcycling.  It attempts to apply an understanding 
of upcycling to large-scale complex mass production processes, by exploring an ongoing case study 
that is repurposing waste plastics into interlocking building blocks, using ubiquitous manufacturing 
processes. In so doing, the paper responds to a call for more case studies of real-life industrial practices 
in material recovery. The paper however does not attempt to argue that the concept of upcycling, in its 
current form, is a perfect fit for this case study. Instead, it will identify those elements of upcycling culture 
and practice from which we can learn, and potentially apply to the management of plastic waste. Thus, 
the paper also contributes to an expanded understanding of upcycling, helping to legitimize it within 





This paper contributes to the discourse of 
upcycling.  It applies an understanding of 
upcycling to large-scale complex mass 
production processes, by exploring an ongoing 
case study that repurposes waste plastics, and 
other waste streams, into interlocking building 
blocks, using ubiquitous and globally 
accessible manufacturing processes. In so 
doing, the paper responds to a call for more 
‘case studies of real-life industrial practices in 
material recovery’ (Sung 2015). The paper 
however does not attempt to argue that the 
concept of upcycling, in its current form, is a 
perfect fit for this case study. Instead, it will 
identify those elements of upcycling culture and 
practice from which we can learn, and 





The term upcycling is typically used to describe 
the activity of an individual who combines 
creativity and manual skills to create a new 
object, with a new purpose, from an existing, 
defunct or damaged object and/or materials 
(Wegener, 2016). The person who upcycles, is 
traditionally, also the end-user, known as the 
‘prosumer’ (Tofler 1980). Their association with 
the upcycled object is intellectual, physical, 
emotional and consequently sustained over 
longer time periods. More recently, Sung et al 
(2017) examined upcycling production in the 
form of small-scale businesses. Such 
enterprises create a range of materials and 
items, selling to others through craft or 
upcycling networks.  This allows for the 
production of multiples, (or perhaps more 
accurately ‘partial-replicas’) as opposed to 
‘one-offs’. This increase in productivity leads 
Singh et al (2019) to acknowledge that 
‘Upcycling... has the potential to create 
employment opportunities and encourage 
sustainable consumer behaviour’, even though 
the end user is remote from the production 
process, interacting only with the end product 
(Ebbert et al, 2017). In this model of upcycling, 
the consumer buys into a value system that 
exists alongside the upcycled product. This can 
include a range of values, e.g., perceived 
reductions in environmental impact, energy, 
virgin materials, and/or landfill; increased 
market value associated with the embedded 
creativity, enhanced aesthetics and/or an 
enriched product ‘life story’; and an ethical, 
occasionally, even sentimental, attachment to 
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recycled products (Bramston and Maycroft, 
2014). Wegner (2016) talks of upcycling 
engaging with the incorporation of the 
transformation process into the product. She 
uses the phrase ‘keeping its essence intact’ 
(Wegner, 2016, p181) when talking about how 
the old material is present in the new. By so 
doing upcycled products convey moral 
narratives of ‘don’t throw anything away, there 
is no away’ and ‘greener living’. In other words, 
upcycling, unlike other forms of product 
development, incites multiple value-driven 
responses both in those involved in the 
production and the end users. Singh et al 
(2019) focus on the material, circular nature of 
upcycling, regarding it as a strategy that 
combines ‘circular material flows with slower 
throughput of products and materials and 
slower cycles of consumption.’ 
Most upcycling processes remain chiefly 
associated with makers and small-scale 
businesses, where design is part of a maker, 
rather than a manufacturing, culture. However, 
Bridgens et al (2018) identified a potential role 
of designers in upcycling, during the the 
process of building a pavilion from waste 
packaging materials, where it was suggested 
that designers can ‘imbue objects with the 
potential for creative reuse’. Wegner 
acknowledges that upcycling is not just a 
practice but also a mind-set requiring ‘a new 
way of thinking about and working with the 
lifecycle of things – both as a designer and as a 
consumer’. This paper describes a process 
which seeks to extend this mindset beyond the 
designer and consumer to include the material 
scientists, production engineers and 
manufacturers.  
Across the growing body of literature on 
upcycling, five key characteristics of upcycling 
emerge. They are: 1. the use of waste; 2. The 
adaption of waste through a process of creative 
transformation; 3. The presence of the old 
material in the new product; 4. A process that is 
value driven and an end product that conveys 
values; and finally, 5. A process that contributes 
to a slow circular material cycle. The paper now 
turns to a case study that can produce at scale, 
but which also goes some way to addressing 
these upcycling characteristics. Thus, the paper 
aims to contribute to an expanded 
understanding of upcycling, helping to 
legitimize it within mainstream practice, and 
move it beyond its current designation as a 
niche, though worthy, activity. 
 
Case Study: Trans-plastics 
This case study was part of a much larger 
investigation into waste plastic: Advancing 
Creative Circular Economies for Plastics via 
Technological-Social Transitions, which aimed 
to explicitly frame the opportunities for realising 
a sustainable and resilient plastics circular 
economy within a ‘socio-technological 
transitions’ approach. The Trans-plastics 
project’s specific aims were to design and 
prototype a building block that used the 
optimum amount of recycled plastic waste, 
requiring minimal fixing, no further external 
finish and with a geometry that allowed for 
variation and circular reuse. Further, it 
innovatively sought to bring design thinking and 
user experience into the earliest stages of 
development through a process of critical 
feedback and evaluation, acknowledging that 
user acceptance is as critical as technological 
advancements in underwriting, adoption, and 
longevity of emerging technologies, and 
achieving an outcome which can be ‘elegantly 
enjoyed’ (McDonough and Braungart 2013) 
The project evolved from previous experience 
developing building materials through a design-
led approach, where designers draw out the 
aesthetic and ethical dimensions of materials in 
the early stages of development (Morrow 2017, 
2018). But this case study represented the first 
time such a multidisciplinary team had been 
brought together to work with waste plastics. 
The team was made up of polymer production 
engineers, polymeric material scientists, 
architects and material-designers, with support 
from psychologists. 
The world currently produces more than 370 
million metric tons of plastics annually.  While 
plastics have many positive characteristics, 
they are a major global pollutant and serious 
environmental threat. Globally, recycling rates 
are still very low. In the UK more than 5 million 
tonnes of plastics are used annually but only 
370,000 tonnes are recycled (7%). Plastics are 
used in a wide range of applications, but the 
largest is packaging. This has led in recent 
years to a proliferation of single use plastic 
packaging products that are convenient for use 
but extremely difficult to recover, separate and 
recycle. This is partly due to the many types, 
forms and colours of plastics found in post-
consumer waste streams, but also the technical 
difficulties and costs of returning them to their 
original form. In contrast many other plastic 
products are designed to be long life (10 years 
+) such as storage tanks, piping, or construction 
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blocks where plastics are ideal materials. Such 
applications provide a potential means of 
reusing packaging waste plastics in a form that 
is both advantageous for the economy and 
environment. This was a key motivation behind 
this work, alongside a desire to understand the 
challenging societal values that surround post-
consumer plastic waste. By putting design 
thinking and user perception at the centre of the 
project we hoped to tease out the aesthetics 
and ethics of using plastic waste in building 
products. 
At the outset the decision was made to use 
Rotational Moulding for manufacturing the 
block. Rotational Moulding is used chiefly to 
make large hollow plastic forms. Plastic powder 
is added to a metal mould and gently rotated on 
two axes. The mould passes into an oven 
where the powder melts and is ‘laid up’ by 
adhesion and consolidation on the internal 
surfaces of the mould. It then passes into a 
cooling station where, once the plastic 
solidifies, it is separated and removed from the 
mould. Complex forms can be achieved and 
since both the machinery and tooling costs are 
relatively low it is equally suited to low volumes 
of production.  
We began by carrying out a series of geometric 
design explorations for the block. This was 
done in close collaboration with all members of 
the team in order that the nature of the materials 
to be used and the manufacturing process 
would inform the design of the block (Figure1).  
 
 
Figure 1. Examples of early block explorations 
©Authors 
 
This phase of the project was equally about 
understanding one another’s language, 
cultures of practice and research 
methodologies. Once the team had come to 
understand the challenges and context for the 
design of the materials and the block, we 
moved to parallel processes of 1. working with 
a practicing architect to design a more 
sophisticated block 2. consulting end users, 
and 3. progressing the development of the 
polymer materials.  
 
Working with a practicing architect 
Design charrettes, i.e. multidisciplinary hands-
on design workshops, were integral to the 
collaborative and creative design process. The 
charrettes involved the architectural team, two 
architectural researchers, a polymer production 
engineer, and a polymeric material scientist. 
Feedback from end users was shared at this 
stage, informing the design process. Prior to the 
charrettes, the architects were given a brief for 
an interlocking block using rotomoulding 
technology. The brief was deliberately open to 
allow designs to emerge through conversation. 
During the charrettes the architects discussed 
various design iterations, starting from the point 
of view of “creating a thing with purpose,” 
suggesting the interlocking block could be a 
chair, surface, wall, storage wall, or platform.  
They evaluated and developed solutions, 
asking: “is it stackable?” and “does it provide 
different options?”  
  
Figure 2. Examples of early sketches ©Robert 
Jamison Architects 
 
The architects focused on the function, aesthetics, 
experience, patterns, light/shadow, and scale. 
Scaled physical models and 3D models (using Rhino 
3D software) were shared and projected on the wall 
for open team discussion. The material scientist 
brought plastic samples, and each were discussed in 
terms of the viability of waste streams and material 
properties but also texture, colour, transparency and 
perception. In parallel, the production engineer 
reviewed each design in terms of form, identifying 
some as more ‘rotomouldable’ than others and 
explaining the implications of the mould and 
manufacturing process. Each collaborator’s 
experience and knowledge added to the creative, 
critical and expedient design process. The charrettes 
concluded with two designs identified for prototype 
manufacturing. 
 
Consulting end users 
From the project’s outset, it was intended to 
work with a range of users, including people 
with sensory impairments, in order to gain 
critical insight across the development of the 
block. However due to the COVID-19 
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pandemic, only two workshops occurred- with 
people with visual impairments and another 
with people with different degrees of deafness. 
Whilst the level of design cooperation was 
curtailed, even those initial conversations, 
conducted around scale models and material 
samples, provided interesting perspectives. 
Both user groups had positive reactions to the 
most textured plastic samples. On close 
inspection the surface of plastics though 
visually smooth had micro undulations on the 
surface due to the presence of waste materials. 
The term ‘claustrophobic’ was used by one of 
the visually impaired participants, describing 
the experience of surfaces so smooth that they 
offered little to no sensory response. Across 
both groups, the visually textured surfaces were 
best received, in terms of visual richness and 
tactile experience. The participants also 
discussed the use of recycled plastics as 
blocks. While this was viewed positively, one 
comment, triggered wider discussion around 
concerns that the creative transformation of 
waste plastics into something desirable might 
trigger increased plastic production. 
 
Polymer Material Development 
The work on polymer material development 
focussed on establishing the mechanical 
properties of the recycled plastics and their 
capability to be moulded into blocks, using 
rotational moulding. This necessitates the 
polymer to have the necessary flow properties 
when melted for successful moulding, 
combined with an acceptable level of 
mechanical properties in the final form. A key 
mechanical property to retain is the impact 
strength of the moulded plastic. Previous work 
had already established that recycled plastics 
need to be blended with some level of virgin 
polymer in order to achieve sufficient impact 
strength. Tests were therefore carried out to 
measure the mechanical properties of different 
blends of recycled polyethylene and virgin 
polyethylene. The blends used ranged in 
recycled content from 0 to 100%. The results 
showed that blends containing up to 50% 
recycled content were able to largely retain their 
impact strength and were easily moulded 
(Figure 3). However, above 50% recycled 
content there was marked deterioration in the 
moulded polymer’s mechanical properties. 
Nevertheless, these samples could be moulded 
successfully, even with 100% recycled content, 
demonstrating that the main constraint on the 
use of recycled polymers in rotomoulding is the 
deterioration of mechanical properties. With 
recycled content there is a distinct change in 
colour with the blended polymer becoming grey 
and, depending on the precise content, the 
surface appearance and texture of samples can 
change significantly (Figure 4).  However, more 
colourful outcomes can be created by adding 
flakes of shredded packaging waste to the 
polymer blend (Figure 5). In addition, we also 
investigated the blending of polymers with other 
waste streams such as hemp fibres, red mud 
and concrete dust, creating very distinctive 
colourations and surface textures (Figure 6). 
 
 
Figure 3. Impact specimens of virgin 
polyethylene (left) and 50% recycled content 
blend (right) ©Authors 
 
 





Figure 5. Samples containing flakes from 
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Figure 6. Polymer Samples containing (top to 




The outcome of these three processes led to 
the production of two final blocks. One of which 
(Figure 7) was produced using a mould made 
inhouse, at lower cost in QUB’s Polymer 
Processing Research Centre. This resulted in 




Figure 7. The Pyramid Block ©Authors 
 
The mould for the second block (Figure 8) was 
made by an external fabrication firm resulting 
in a higher quality product . Both were 
manufactured with a range of waste plastics. 
The outcomes, especially those that used 
flaked plastic waste and other waste streams 
are unlike most waste plastic products. They 
are unexpectedly rich in visual texture with 
some exhibiting ‘soft’ tactile qualities (Figure 
9). 
 




Figure 9. The Classic Cupid Block. ©Authors 
 
The blocks represent working prototypes. The 
next development stages involve further 
discussion with users on cultural and sensorial 
perception; trialling layers of plastics based on 
mechanical, aesthetic and cultural responses 
and further testing of the blocks’ physical 
properties. In order to enhance the mechanical 
properties of the moulded polymers, their 
colours and their surface finishes, work is 
ongoing to investigate the use of multi-layer 
manufacturing methods. Blocks would be 
formed by laying down three layers of different 
polymer blends during moulding. It’s proposed 
to form of an inner layer (Layer A, Figure 10) 
designed chiefly for mechanical properties; an 
intermediate layer containing high precentage 
of recycled content (Layer B), and an outer 
surface layer providing colour and texture and 
which visibly communicates that the block is 
‘designed and crafted’ from waste plastic and 
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This case study evidences bringing an 
upcycling ‘mindset’ to a large-scale complex 
mass production process and hence 
contributes to the upcycling discourse. It was 
successful in transforming significant and 
problematic waste streams into new prototype 
products and did so using ubiquitous, scalable 
and globally accessible manufacturing 
methods. The case study also provides 
evidence that a design-led approach can 
ensure that large multidisciplinary teams work 
within an upcycling paradigm. In terms of the 
five key upcycling characteristics identified 
earlier in the paper, the project clearly, 1. used 
waste materials, 2 adopted a creative process 
with design thinking and user experience at its 
heart, 3. made present the recycled material in 
the final product (Figure 11). 4. hence, 
purposefully displayed its circular values and 5. 
developed a process that could bring waste 
plastic into a slower circular material cycles.  
However, in many ways the project has only just 
begun. The pandemic significantly impacted on 
those stages where design and production 
come together to assure detailed quality 
outcomes in terms of colour, texture and 
finishing and we were unable to pursue an 
iterative, inclusive process involving not only 
the technical and design team but also user 
representatives. It could be argued that the 
restriction on tacit communication between 
designers, scientists, engineers and end users 
inevitably curtailed the intimate relationship 
between the ethos, process and outcome that 
upcycling requires.  
 
 
Figure 11. Waste plastic flakes visibly present 
on the block’s outer surface ©Authors 
 
Acknowledgments 
The case study described in this paper formed one 
of the work packages in EPSRC grant: ACCEPT 
Transitions project – Advancing Creative Circular 
Economies for Plastics via Technological-Social 
Transitions. EP/S025545/1.   
The Pyramid Block evolved from a design first 
generated as a ceramic form in Prof. 
Morrow’s MArch Design Studio (Queen’s University 
Belfast) by students: Ciaran Magee, Mark 
Thompson and Andrew Bryce, and the Classic Cupid 
Block was designed by Robert Jamison Architects.  
References 
Bramston, D., & Maycroft, N. (2014). Designing with 
Waste. In E. Karana, O. Pedgley, V. Rognoli (Eds.), 
Materials Experience. Butterworth-Heinemann 
Bridgens, B., Powell, M., Farmer, G., Walsh, C., 
Reed, E., Royapoor, M., Gosling, P., Hall, J., & 
Heidrich, O. (2018). Creative upcycling: 
Reconnecting people, materials and place through 
making. Journal of Cleaner Production, p.145-154 
British Plastics Federation Webpage: Rotational 
Moulding: The Process and Advantages. 
https://www.bpf.co.uk/plastipedia/processes/rotatio
nal_moulding.aspx [accessed 17th March 2021] 
Ebbert, C., Rexfelt, O., & Ordóñez, I. (2017). Beyond 
lampshades - Teaching upcycling in a meaningful 
way. Proceedings of the 19th International 
Conference on Engineering and Product Design 
Education: Building Community: Design Education 
for a Sustainable Future, E and PDE 2017. 
McDonough, W., Braungart, M., & Clinton, B. 
(2013). The Upcycle: Beyond Sustainability - 
Designing for Abundance. North Point Press. 
Morrow, R. (2017). Material Witchery: Tactility 
Factory as a site of emerging ethical practice. In M. 
Schalk, T. Kristiansson, & R. Maze (Eds.), Feminist 
Futures of Spatial Practice: Materialisms, 
Activisms, Dialogues, Pedagogies, Projections 




4th PLATE Virtual Conference Limerick, Ireland, 26-28 May 2021 
Author(s), Ruth Morrow, Peter Martin, Chantelle Niblock 
Title: Expanding the upcycling paradigm: a case study in the creative use of 
waste streams and waste plastic in interlocking blocks 
 
- 7 - 
 
Morrow, R., Gentry, R., & Al Haddad, T. (2018). Re-
Wind: Architectural Design Studio and the Re-
Purposing of Wind Turbine Blades. 97. 
http://www.leedsbeckett.ac.uk/leeds-sustainability-
institute/seeds-conference-2018/ 
Sung, K. (2015). A Review on Upcycling: Current 
Body of Literature, Knowledge Gaps and a Way 
Forward. International Conference on 
Environmental, Cultural, Economic and Social 
Sustainability, Venice, April 2015 13-14, 17 (4) part 
I, p 28-40 
Sung, K., Cooper, T., Ramanathan, U., & Singh, J. 
(2017). Challenges and support for scaling up 
upcycling businesses in the UK: insights from 
small-business entrepreneurs. PLATE: Product 
Lifetimes And The Environment 2017 - Conference 
Proceedings. Delft University of Technology, Delft, 
The Netherlands, 8-10 November 2017.  
Toffler, A. (1980) The Third Wave. New 
York: Bantam Books. 
Wegener C. (2016) Upcycling. In: Glăveanu V.P., 
Tanggaard L., Wegener C. (Eds) Creativity — A 
New Vocabulary. Palgrave Studies in Creativity and 
Culture. Palgrave Macmillan, London.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
